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Why Study Biomechanics?
The of studying Biomechanics 1s:

To ‘ ) acting on the human

body

To ‘ ces in treatment
procedures so that human performance may be
improved and further injury may be prevented.
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1.Sub-branches of Biomechanics:-

estatics: study of systems in constant motion
without acceleration (including zero motion)

« dynamics: study of systems subject to
acceleration.

ekinematics: study of the appearance or
description of motion.

velocity
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Types of Kinematics

The movements occurring
between joint surfaces in
relation to the direction of
movement of the distal
extremity of the bone

Concerned with the movements
of the bones

Pushing force
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2.Reference planes:

A three-dimensional analysis is necessary for
a complete representation of human motion.
Such analyses require a coordinate system,
which is typically composed of anatomically
aligned axes:

a two- It is often convenient to consider only
dimensional, or planar, analysis, in which
only two of the three axes are considered.
In the human body, there are three
perpendicular anatomical planes, which
are referred to as the cardinal planes.

» sagittal plane - in which forward and
backward movements occur

» frontal plane - in which lateral movements
occur

transverse plane - in which rotational
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Sagittal Plane
/ Coronal Plane

Transverse Plane
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3.Plane Stress, Stress Transformations and Principal
Stresses.

.

Z-axis A
direction

i If the body is

S in equilibrium

M A1 " then all the
stresses will be

balanced by
correspondmg

z-plane

/ M it means this normal Stress will be balanced g Post
3 the normal stress on in this direction similarly
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@Stresses

m
Two dimensions
Fas In engineering practices, to simplify the
complexity the stresses on one axis is
considered as minimum or neglected.
> X-axis
or neglected so let's consider the stress in the
s Z direction as minimum or neglected in that case .
y-a):is
\ / xy-plane
~
D —
Plane Stresses Ty

as XY plane by neglecting the forces or Stresses
in Z Direction now the next very important
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Plane of Maximum Shear Stress: Maximum in-plane Shear Stress...

Transformation of Plane Stresses

N ——> T,
6 is measured counter
1 / 2
g clockwise, and taken
<---4+ ? e
Ox il > positive.
\d
Txy = .:.. ;_‘.. =
i
U
Y 6
Oy
4Txry:dA sin 6 (x component)
»Tyy,dA cos 6 (y component) -
Ty dA g Z L=
d Pl _5_ 0y, dA
gpddcos ' 40,,dA sin 8 (y component) Z F}' =40
¥
Tyddcosd Y0..,dA cos @ (x component)
e
TyydAsin 6 ﬁ:
v
gy dAsin@
Z F,=0 Oy, dA cos 0 — T,1,,1dASinG — 1,,dAsin6 — g,dAcos6 = 0

dA cos 6 — o, dAsin @ — TyydAcosf =0
X direction as zero and |:|

applying the second condition where the forces
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Oy = 2T, 5in 6 cos O + 0,.cos%0 + g,,5in%6 |

Tyry = Ty, (c0s?8 — sin?6) — (o, — 0,,) sin 6 cos @

\ =

] *

e po— Txy = 25 MPa

Ak
LN J—» a0, = 50 MPa
|
v

IOrientation of g, is (6 + 90) ; -
Txy D G T = 2
| Stace to Theta + 90 because this normal space in

y direction is at this angle so in other words #

(%

4. Variation of stresses with inclination of elements:

The stresses on an element in a stressed body vary with
the orientation of the elements, so to determine the
stresses acting on an element in a stressed body, the
stress of the body must be analyzed with respect to the
inclination of the element. First of all a representation of
stresses at a point in any body must be established
according to a two dimensional state (see the figure
below).



Al-Mustagbal University
Department Biomedical engineering
Class second
Subject Biomechanics.

Dr.alaa mohammed Hussein wais)'Lecturer (
25! term — Lect. (Biomechanics)

-

1y %
Tyy
D
Ty Txy
T
Oy |- JTW Ty % Ox Oy
— e Y
R
. .
" o
z y VX
GV )

5. Stresses on oblique planes:

A- Stresses on oblique planes caused by combined direct
and shear stresses:

6}-

Tyx
A

tX}" 0 /&
1] X GX
T
Tyv
B Xy
T}.x
0-‘-

Assuming the area of the inclined plane (with the angle
0).is "A", then the forces can be resolved as follows: -
Forces perpendicular to AB:

T <

C
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og - A = (0, - AcosO)cosO + (ay : Asin@)sin@ -
(rxy . Acosﬁ)sin@ — (ryx -Asinﬁ)cosf? ...... (1)

- Forces parallel to AB:

79 A = (0, * AcosO)sinf — (o‘y -AsinB)Co +
(T4y - Acos®)cos® — (t,,Asind)sind ... (2)

But:
A 1s constant, Txy=Tyx
1 1
(sin’x = 5 (1 —cos2x) or(cos?x = ) (1+ cos 2x)
sin 20 = 2 sinf cos6
Sub. and get that:

1 1 .
Og = 2 (O'x + a},) + 2 (ax - ay)c0526 — TyySin20

5

1
To, =5 (ax - ay)siRZBS + T,y €0520, ‘ ---------- (4)

Equations 3&4 are called the transformation equations
for plane stress. These equations can be used totransform
the stress components from one set of axes to another,
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for example from x-y coordinate to k-h coordinate as
shown in the figure.

The sum of the normal stresses has the same value in
each coordinate system. For this reason, the sum ox + oy
is called "stress invariant". So we can write that:

stress invariant = 6x + Gy = Gk + Gh
It can also be verified by simple algebrai

manipulation that: ¢

OxOy — szy = OkOh — Tzkh

I- To obtain the location of the maximum and
minimum normal stresses:

dr:l'g
dg

= 0
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1-For maximum and minimum normal stresses:

in equation (3), so:

. ery
tan26, = — Ga—gy e (5)
060 = max.= oy at @ = 90°

This means that the planes of maximum and minimum

normal stresses are 90° apart

I1-To obtain the magnitudes of the principal
stresses:

2T
Draw (tan26, = ——==) as shown in Fig.
Ox— 0y
+1
Ty 1
b 26 70x=%)
-G | 26
-1
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2
_ Oyt0y, Oy—0y 2
omax =% \/( 2 ) T Ty

min

I11- To obtain the magnitudes of the maximum and

minimum shearing stresses:

a.,.—a.
Draw (tan26, = ; %) as shown in Fig. , so:

Tx},-
+0
1
_(G — 0y
1 Ty /,__Mz )
— = (0g— Gy) 28 +lxy +1
-G
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Example 1: For the element stressed as shown find:
a) magnitude and locations of the principal stresses;

b) magnitude and locations of the maximum shear
stresses.

c)Draw all results on complete sketches of appropriate
element for each case.

S0

¥ 50

» 40MPa

Solution:

a) Find magnitude and locations of the principal stresses

2
_ Oxt0y, Ox—0y 2
gmax =~k \/( 2 ) + Ty

min

Omax = 0
min 2

40 + (—80) + (40 —(—80)

2
> ) + (—50)2
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Omax = 58.1 MPa and Omin=- 98.1 MPa

2Tyy . —2%50
ox—0y  40—(—80)

tan29p = —

— 0p=+19.9° and Op=+19.9° + 90° = 109.9°
To determine which one of the two angles represents the

location of the maximum principal stress:

1 1
O = > (Jx + J},) + > (O‘x — O‘y)COSZQ — TyySin26

60 = %(40+(—80))+ % (40-(-80))cos (2* 19.9)~(~50)sin (2+19.9)

O - 19_90=58. 1MPa

b) magnitude and locations of the maximum shear stresses
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1
Tmax = 2 (Umax - Jmin)

1
Tmax = - (58.1 — (—98.1))
2

mT =+78.1 MPa

tan20, = =2
2Ty
_40—(—80)
tan20, = 2o -50)

— 0s = —25.1%nd 0s=—25.1%+ 90° = 64.9°
To determine which one of the two angles represents the

location of the maximum shear stress:
1 :
To, =3 (ax — a},)ﬂnZBS + T,y €0S26;

1
To(=25.1) = = (40 + (—80))sin (2 * (—25.10) + (=50)cos (2
2

* (—25.10)
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To(—25.10) = 78.10MPa

S0: 08y = —25.1%nd 05,4, = = 64.9°

To find the normal stresses at the planes of maximum and minimum shear
stresses:

Oo((-25.1) = %(40+(—80))+ % (40-(-80))cos (2+
(-25.19)—(-50)sin (2*(-25.1°)

Oo((-25.1) = —20MPa

Oo((649) = %(40+(—80))+ % (40-(-80))cos (2+
(64.9%)-(-50)sin (2*( 64.99)

Oo((64.9 =-20MPa
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Example#2:

An element in plane stress is subjected to stresses as
shown in the figure. Determine (a) the principal stresses,
(b) the maximum shearing stresses, and (c) Draw all
results on complete sketches of appropriate element for

each case.
20

SGMPa

Solution:

a) Find magnitude and locations of the principal stresses

2
_o,toy ax—ay) 2
Omax = > + \/( > + Ty

min

56+0 | 56—0
iy = 5t [ )% + 207

min 2 —

Omax =64.4MPa and Omin=-6.4MPa
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2Ty

tan29p = —
O—x_a—y

2:20
56-0

— Op =-17.8° and Op=-17.8° + 90° = 72.2°

To determine which one of the two angles represents the

location of the maximum principal stress:
1 1 _
O = > (O‘x + J},) + > (Jx — O‘y)COSZQ — TyySin26

Oo(-178) = %(56+(0))+ % (56-(0))cos (2* 17.8%)—(20)sin
(2%17.8°)

69 = 17,80=64.4M Pa

so: 6 =-17.8° and 6, ~=722°

Pmax
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Omin= 6.4MPa

b) magnitude and locations of the maximum shear stresses

1
Tmax = 2 (max = Omin)

Tmax = §(64.4 — (—6.4))

mT =+ 35.4 MPa

Ty—0a
tan26, = —=
2Ty

56—0

tan20, = )
2420

— 0s = 27.2%nd 0s= 27.2%- 90° = -62.8°



Al-Mustagbal University
Department Biomedical engineering
Class second
Subject Biomechanics.

Dr.alaa mohammed Hussein wais)'Lecturer (
25t term — Lect. (Biomechanics)

To determine which one of the two angles represents the

location of the maximum shear stress:
1 )
To, =3 (Jx — a},)ﬂnZBs + T,y €0S26;
1
To(27.2) = - (56 — 0))sin (2 * (27.20) +
2

(—=50)cos (2 * (27.20)

To(27.2) = 35.4MPa

S0: 05,4 = 27.2%nd 0s,,;,= = -62.8°

To find the normal stresses at the planes of maximum and
minimum shear stresses:

Oo(272) = %(56—0))+ % (56-0))cos (2 (27.2°)-20 sin
(2%(27.29)

Oo((27.2) =28MPa
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Oo((-62.8) = %(56—0))+ % (56-0))cos (2 (-62.8°)-20 sin
(2%( -62.89)

Oo((-62.8) =28MPa

Tmax = 35 4MN[Pa

TONAD



